The mean seizure frequency was 78.2 per month (range 2/month to 20/day).
The mean age at the time of surgery was 27.8 years (range 6-59 years), with mean delay to referral for surgery of 15.4 years (range 3-38 years).
Magnetic resonance imaging records were available for 32 patients (Table 2 ); in 2 of these patients the imaging findings were reported to be normal, with the tumor discovered incidentally on tissue examination. On T1-weighted sequences, 26 tumors (86.7%) were hypointense, 3 (10.0%) were isointense, and 1 (3.3%) was hyperintense. On T2-weighted sequences, 29 tumors (96.7%) were hyperintense and 1 (3.3%) was hypointense. Cystic changes were noted in 5 cases (16.7%). Typical MR imaging studies are shown in Fig. 1 , demonstrating a left temporal lesion that is isointense on T1-weighted imaging and hyperintense on T2-weighted FLAIR imaging in a patient with a ganglioglioma.
Preoperatively, all patients underwent noninvasive video electroencephalography, neuropsychological examination, and Wada testing.
Operative data were available in 28 patients, in all of whom we achieved gross-total resection of the tumor. In addition, we performed complete resection of the amygdala in 25 patients (89.3%), partial resection of the hippocampus in 20 (71.4%), and complete resection of the hippocampus in 3 (10.7%). The extent of resection was confirmed by postoperative MR imaging in all but 5 patients. Figure 2 shows typical pre-and postoperative MR images obtained in a patient who underwent resection of a ganglioglioma.
In most cases of dominant temporal lobe tumors, intraoperative or subdural cortical stimulation mapping localized speech function. Since 1995 all procedures (in 24 patients) were performed with image guidance. After initial electrocorticography, a transcortical approach, with or without lateral cortical resection, was used to gain access to the tumor. A gross-total resection was the primary goal of the operation and was aggressively pursued under the microscope while using bipolar cautery and suction prior to 1995 and using ultrasonic aspiration thereafter. Further resection of the amygdala and hippocampus was then performed based on neuropsychological data, Wada testing, pre-and intraoperative testing, and the location of the tumor.
If resection of the amygdala and hippocampus was required, the sequence was as follows. The uncus was resected in a subpial plane under the microscope until the superior landmarks of M1, limen insula, and the endorhinal sulcus were identified. Next, the ventricle was opened by identifying the collateral sulcus and entering just superior to the collateral eminence. A small retractor elevating the roof of the temporal horn was placed in an axial plane posterior to the visible ventricular prominence of the amygdala at the level of the choroidal point. After identifying the safe axial resection plane for the amygdala at the endorhinal sulcus between M1 and the choroidal point, the thin intralimbic gyrus was subpially aspirated to expose the crural cistern. The amygdala was then resected to the superior level of the endorhinal sulcus. If focal tumor extended above this level, it was resected if it did not surround the anterior choroidal artery or the optic tract. Only rarely do WHO Grade I tumors extend above this line of safe resection. The hippocampus was then removed using ultrasonic aspiration in a subpial plane, exposing and disconnecting hippocampal arteries arising from the posterior cerebral artery. A partial hippocampal resection extended to the level of the choroidal point and a resection of the head and body extended to the ambient cistern, where the tail of the hippocampus recedes medially around the thalamus.
The histological diagnosis was made in accordance with the WHO classification of tumors of the CNS 21 ( Table  3) . Ganglioglioma was the most frequent diagnosis, found in 14 patients (36.8%), and this was followed by DNET in 10 (26.3%) and diffuse astrocytoma in 4 (10.5%). Of note, on review of the slides by our neuropathologist (E.J.C.), the diagnosis was changed from astrocytoma to ganglioglioma in 3 patients in accordance with the most recent WHO guidelines. 21 Concomitant ipsilateral mesial temporal sclerosis was noted in 2 patients (5.3%), indicative of dual disease.
The mean follow-up duration was 7.7 years (range 1.0-23.1 years). Seizure outcome was classified using Engel's criteria 12 (Table 4) . At the last follow-up, 30 patients (78.9%) were seizure free, 6 (15.8%) had rare seizures, 2 (5.3%) exhibited significant improvement, and all patients exhibited a reduction in seizure frequency.
Transient postoperative complications were noted in 7 patients (18.4%) and included temporary dysphasia in 4 patients, meningitis in 1, hydrocephalus in 1, and pulmonary embolus in 1. Permanent complications were noted in 1 patient (2.6%), in whom permanent hemiparesis developed due to intraoperative hemorrhage.
Discussion
Chronic medically intractable epilepsy secondary to low-grade temporal tumors is a well-recognized entity.
The incidence of low-grade tumors responsible for seizures has been reported to range from 10 to 50%. 1, 4, 6, 11, 25, 27 With continuous improvement in imaging modalities, particularly high-resolution MR imaging, such tumors are detected with increasing frequency before surgery. 7 In determining the most appropriate treatment for patients with tumoral epilepsy, it is important to understand the pathogenesis and natural history of this disease, as well as to have knowledge of treatment options and surgical outcome. In this report we have presented our experience in 38 cases involving chronic intractable epilepsy associated with temporal lobe tumors, and we have discussed our management and outcomes.
Preoperative Evaluation
In our series, all patients underwent high-resolution MR imaging, video electroencephalography monitoring, neuropsychological testing, and Wada testing. Interestingly, in 2 of our patients the MR imaging findings were interpreted as normal, and the tumor was discovered subsequently on pathological examination. It remains to be seen whether advent of higher-power MR imaging will lead to discovery of more tumors in patients with "normal" imaging findings. In the remainder of the patients, the great majority exhibited lesions that were hypointense on T1-weighted sequences and hyperintense on T2-weighted sequences, with no significant enhancement after Gd administration. We observed cystic changes in only a few patients, and there was no significant correlation between MR imaging signal and tumor histology or outcome. This is consistent with previous reports on MR imaging characteristics of tumors associated with epilepsy. 7 
Surgical Treatment
Temporal lobe resection has long been established as a safe and effective treatment for refractory temporal lobe epilepsy. 26 In those patients who harbor temporal lobe tumors, however, there has been considerable controversy regarding most appropriate management, with some advocating lesionectomy only, and other arguing for more extensive resection. 3, 6, 11, 17, 19, 20, 29 Several possible mechanisms for epileptogenesis by temporal lobe tumors have been proposed, including gliosis, mass effect on surrounding cortex, changes in cellular morphology, and others. 2, 5, 8, 13, 19 Because it is unclear how much the peritumoral tissue contributes to the initiation and/or propagation of seizures, however, the extent of resection that must be performed is not obvious. In a study specifically addressing this issue, it was found that patients treated with lesionectomy alone had lower seizure-free outcomes than those with more extensive electrophysiologically guided resection. 17 In another study, however, postoperative seizure control was achieved in 94% of patients after complete lesionectomy regardless of the extent of seizure focus resection. 1 Thus, this issue remains to be resolved, and the only agreement at this time appears to be that gross-total resection, as long as it can be safely performed, should be the minimum goal of surgery. 1, 4, 6, 18, 28 In our series, we used intraoperative electrocorticography to guide the extent of resection beyond the lesion. In addition to gross-total removal of the tumor, 89% of our patients underwent resection of the amygdala and 82% underwent at least a partial resection of the hippocampus. We find that this approach provides for optimal resection of epileptogenic tissue while minimizing the risk of neuropsychological deficits.
By complete resection of the amygdala, we mean resection to the level of the endorhinal sulcus in an axial plane drawn between M1 and the choroidal point. Comparing pre-and postoperative MR images and using coronal and sagittal plane anatomical atlases and cadaveric specimens, it seems likely that what we, and most centers, call a complete resection of the amygdala is really an 80-90% resection due to technical limitations of the chosen approach. The main nuclei of the amygdala that have dense interconnections with the hippocampus and the temporal neocortex (basal, accessory basal, and lateral nuclei) would be included in this resection. The phylogenetically primitive corticomedial nuclear group reside posteriorly and dorsomedially at the level of the semilunar gyrus. This nuclear group becomes indistinguishable with the basal ganglia and is very close to the optic tract, and thus, it is usually not resected. Because this group is largely a relay nucleus of the lateral olfactory tract, it is thought (although not proved) that it is not critical to resect this relatively small nuclear group.
The extent of resection of the hippocampus was determined by intraoperative landmarks, followed by postoperative imaging. In our experience of > 400 amygdalohippocampectomies, the definition of partial hippocampal resection was a resection of the head of the hippocampus to the level of the choroidal point where the head transitions to the body. This corresponds to ~ 2-2.5 cm of the hippocampus. Complete resection was considered resection of ~ 5-5.5 cm of the head and body to the level of the colliculus where the ventricular entry into the occipital horn becomes visible and the tail bends medially behind the thalamus. We did not attempt to resect the tail of the hippocampus.
Pathological Diagnosis
It has been previously reported that low-grade gliomas account for a great majority of tumors among patients with chronic epilepsy. 3, 5, 15 Among the published series, however, there is no consensus regarding which histological entity is the most common. In our series, ganglioglioma was the most common diagnosis, consistent with another report of 216 cases. 27 Other groups have reported astrocytoma 11, 15, 28 and DNET 10, 19 to be the most common. One important note is that on review of the older cases by our neuropathologist, the diagnosis in 3 cases was changed from astrocytoma to ganglioglioma, in accordance with the most recent WHO guidelines, 21 which may account for the discrepancy with some series. In 2 of our patients, mesial temporal sclerosis was noted in addition to neoplasm, effectively indicating dual disease. This entity has been previously described, and, in accordance with previous recommendations, these patients underwent resection of both the neoplasm and mesial temporal structures. 9, 14, 24 
Surgical Outcome
The patients in our series experienced significantly improved outcome with respect to seizure frequency, with status in 78.9% improving to Engel Class I and in 15.8% to Engel Class II. These results are in line with other similar series, in which > 80% of patients were noted to be free of disabling seizures after surgery. 6, 15, 16, 19, 22, 23, 28 There were no deaths in our series after a mean follow-up of 7.7 years (and as long as 23 years in 1 patient), which again underscores the low malignancy potential of the neoplasms found in these patients.
Conclusions
Low-grade tumors in the temporal lobe causing chronic medically intractable epilepsy are a common and well-recognized entity. Based on existing data, the most appropriate management appears to be gross-total resection of these tumors, which can be done safely in the majority of cases. Our long-term follow-up suggests that, with complete resection of the tumor and peritumoral epileptogenic tissue, > 90% of these patients can be expected to be seizure free or have only occasional seizures. Further study is needed to determine the optimal extent of resection and whether it can be limited to the lesion alone or should include peritumoral tissue and mesial temporal structures.
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